The following sections establish a best-basis inventory estimate for chemical and radionuclide components in tank 241-SX-111. A complete list of data sources and inventory evaluations is provided at the end of this section.
D1.O CHEMICAL INFORMATION SOURCES
The waste in tank 241-SX-111 has not been core sampled and analyzed. A TCR for tank 241-SX-111 has not been prepared. The Hanford Defined Waste (HDW model report (Agnew et al. 1997 ) provides tank content estimates in terms of component concentrations and inventories.
Composition data for a sludge sample from tank 241-SX-111 are reported by Allen (1976) . These data are not used here in determination of the best-basis estimate of the analyte inventory in tank 241-SX-111 since the pedigree of the sample analysis reported by Allen (1976) is in serious question.
Tank 241-SX-111 is a known leaker. However, the quantity of material lost to the soil column is currently unknown. No attempt has been made in this assessment to correct for materials lost to the soil column.
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D2.0 COMPARISON OF COMPONENT INVENTORY VALUES

Analyte
A1
Hanlon (1996) states that tank 241-SX-111 contains 473 kL (125 kgal) of solids, 26.5 kL (7 kgal) of drainable liquid and no pumpable liquid. Agnew et al. (1997) concur with Hanlon's estimate. According to the HDW model (Agnew et al. 1997) , the solid waste in tank 241-SX-111 contains 31.1 wt% water and has a density of 1.74 gkc. As described more fully later, Agnew et al. hypothesize that the solids in tank 241-SX-111 derive from both reduction and oxidation (REDOX) process high-level waste (HLW) and salt cake produced from concentrated REDOX process supernatant liquid added to the tank. An independent analysis of historical waste transaction data, conducted in connection with preparation of this section, indicates that all the solid waste in tank 241-SX-111 derives only from REDOX process HLW. As explained in detail later, the completeness and quality of the historical waste transaction data are insufficient to allow an unequivocal determination of the origin of the solid wastes now in tank 241-SX-111.
HDW model" (kg) 79,300
HDW model predictions of the inventory of the various analytes in tank 241-SX-111 are listed in Table D2 
D3.0 COMPONENT INVENTORY EVALUATION
The following evaluation of tank contents is performed to identify potential errors and/or missing information that would have an effect upon the HDW model component inventories.
D3.1 CONTRIBUTING WASTE TYPES
Tank 241-SX-111 is the second (million gallon) tank in a cascade that includes tanks 241-SX-110 and 241-SX-112. Tank 241-SX-111 was constructed in the early 1950s and was designed to be a self-boiling tank with the condensate directed back to the tank. Tank 241-SX-111 was connected to an exhauster.
High-level REDOX process waste (R) was first added to tank 241- SX-111 in 1956 . In 1959 , 1964 , and 1965 , tank 241-SX-111 received additional REDOX process HLW (R2) (Agnew et al. 1995 , Anderson 1990 . In 1965 tank 241-SX-111 also received a one-time addition of concentrated REDOX process HLW supernatant liquid. All the high-level REDOX process waste additions are known or are believed to have contributed to the solid waste (473 kL [125 kgal]) now stored in tank 241-SX-111. Beyond such waste additions, there were many liquid transfers into and out of tank 241-SX-111 including water, condensate from self-boiling tanks including tank 241-SX-111, and supernatant liquid from other SX Tank Farm tanks. These latter liquid additions are thought to have significantly reduced the volume of REDOX process salt cake in tank 241-SX-111 as discussed in more detail later in this section. Table D3 -1 provides a summary of the transactions that may have contributed to the type and volume of wastes now in tank 241-SX-111. These values are taken from the more detailed records of waste transactions compiled by Anderson (1990) and Agnew et al. (1395) .
Careful review and analysis of the data summarized in Table D3 -1 and other data of Anderson (1990) and Agnew et al. (1995) .
Negligible volume of REDOX process salt cake.
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The second alternative accounts for 462 kL (122 kgal) of solid waste in tank 241-SX-111 versus the measured 473 kL (125) kgal. The difference of 11 kL (3 kgal) is believed to be within volume measurement error. Alternatively, some compaction of the hydrous solids likely occurred over time. The volume difference may also be accounted for, in part, by a slight understatement, Le., 4.4 vol% versus 4.5 vol%, in the volume of solids precipitated from the neutralized REDOX process HLW. The 4.4 vol% value is retained in this section to be consistent with other sections of this report dealing with tanks containing REDOX process HLW.
In agreement with Agnew et al. (1997) we think 160 kL (42.4 kgal) of solids resulted from REDQX process HLW generated in 1956. This volume of solids is equivalent to 4.4 vol% of the total volume of waste added to the tank in this time frame period. Further, we also believe 4.4 vol% (301 kL = 79.6 kgal) of solid waste resulted from the addition of REDOX process HLW added to tank 241-SX-111 in the period 1959 through 1965. The composition of REDOX process HLW produced in these latter years was almost identical to that produced in 1956, at least for iron and other constituents that precipitated when the waste was made alkaline. There is no evidence to support the Agnew et al. contention that the volume of solids precipitated from REDOX process HLW produced in the years 1959 through 1965 was substantially less, 2.3 vol% versus 4.4 vol%, than the volume of solids precipitated from REDOX process HLW generated in 1956.
In 1965, 2,070 kL (547 kgal) of evaporated REDOX process HLW supernate liquid were added to tank 241-SX-111. This volume of waste contained, according to Agnew et al. (1997) , about 7.77 vol% of solids (161 kL = 42.5 kgal). In applying the HDW model to tank 241-SX-111, Agnew et al. assumed that the REDOX process salt cake solids added in 1965 are still present in the tank. This assumption could be in error since it ignores the large amounts of water and dilute supernatant liquids added to the tank in the years subsequent to the addition of the evaporated HLW supernatant.
For example, in the period 1966 to 1969, 2,558 kL (676 kgal) of water were added to the tank. In the same time period, 4,600 kL (1,216 kgal) of dilute supernatant liquids from other tanks were added to tank 241-SX-111. Previous laboratory experience (Schulz 1980) has shown that actual REDOX process salt cake is readily soluble in water. Thus, for the purposes of this independent engineering assessment, it is judged that all the salt cake solids present in the tank in 1965 were dissolved by the time the last liquid was pumped from the tank in 1974. This judgement is made even though it is recognized that much of the liquid added to tank 241-SX-111 boiled off and that water added to the tank served only to maintain a constant liquid level. The liquids added to the tank were not saturated in salts and, therefore, could and, it is believed, did dissolve all the soluble salt cake solids.
In summary, whereas Agnew et al. (1997) , in the HDW model report (Rev. 4), conclude that salt cake solids are present in tank 241-SX-111 the engineering assessment described in this Section concludes that such solids are not present. Obviously, both conclusions cannot be correct. The available historical waste transaction history (Anderson 1990 , Agnew et al. 1995 are not sufficient to decide between the two D-9 conclusions. Final resolution of the issues will be possible only when (and if) the waste solids in tank 241-SX-111 are sampled and analyzed.
Expected Solids in Waste
Anderson ( 
D3.2 EVALUATION OF TECHNICAL FLOWSHEET INFORMATION
In Table D3 -2 (reproduced from information in ) are listed compositions for REDOX process HLW produced according to Flowsheets 5, 6, 7, and 8. Note that the composition of REDOX process R1 and R2 waste (Agnew et al. [1997] designations) are listed in Table B3 -1 of the best-basis inventory writeup for tank 241-SX-108 (Kupfer and Schulz 1997 ). An average of the flowsheet values is used for the composition of HLW produced by the REDOX process in 1965.
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Average of values shown in Flowsheets 7 and 8.
REDOX plant is known to have continued until the fall of 1959
The composition listed in Table D3 -2 for REDOX process Flowsheet 6, , HLW specifies that the waste contained 0.0034 M KMn04. The published version of Flowsheet 6, , does not include any mention of KMn04; information presented elsewhere in indicates that KMnO, was used in the REDOX process through most of 1959. Also, note as mentioned previously, that REDOX process HLW generated under either the conditions of Flowsheets 5 , 6, 7, and 8, contained almost identical concentrations of precipitable metals, e.g., Fe, Mn, Bi, and U.
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D3.3 PREDICTED WASTE INVENTORIES
This section presents results of an engineering assessment of the inventories of the various analyres in tank 241-SX-111 waste. A set of simplified assumptions forms the basis for the independent assessment. The assumptions and observations are based upon best technical judgement pertaining to parameters that can significantly influence tank inventories. These parameters include: (a) correct predictions of contributing waste types, (b) accurate predictions of model flowsheet conditions, fuel processed, and waste volumes, (c) accurate prediction of component solubilities, and (d) accurate predictions of physical parameters such as density, percent solids, void fraction (porosity), etc. Of course, as necessary, the assumptions used can be modified to provide a basis for identifying potential errors and /or missing information that could influence either or both sampling-and model-based inventories. The simplified assumptions and observations used for predicting the inventory of several analytes in tank 241-SX-111 are as follows:
1. Only the neutralized REDOX process HLW introduced into tank 241-SX-111 contributed to solids formation. Condensates, water, and waste supernatants, either concentrated or dilute, from other SX Tank Farm tanks or evaporators added to tank 241-SX-111 did not contribute any solid waste to the inventory presently in tank 241-SX-111.
For all REDOX process HLW added to tank 241-SX-111 the volume of precipitated solids was 4.4 vol% of the total volume of waste slurry.
All Bi, Fe, Mn, and U in the REDOX process HLW added to tank 241-SX-111 precipitated as solid compounds.
Aside from Bi, Fe, Mn, and U in the REDOX process HLW, all the other analytes partitioned to some extent between solid and liquid phases.
Essentially all solid sodium salts, Le., salt cake, added to the tank in 1965 dissolved in water and other aqueous solutions that were subsequently added to tank 241-SX-111.
The concentration of analytes in the REDOX process sludge in tank 241-SX-111 is assumed to be the same as the average concentration of the same analytes in sludge in tanks 241-S-101 Kruger et al. (1996 ), 241-S-104 DiCenso et al. (1994 , and 2413-107 Simpson et al. (1996) .
The waste transaction history and waste volume information for tank 241-SX-111 provided in Agnew et al. (1995) is assumed to be correct.
Radiolysis of NO, to NO2 and any additions of nitrite to wastes in tank 241-SX-111 for corrosion control purposes are not accounted for in this independent assessment.
2.
3.
4.
.
6.
7.
8.
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D3.4 PREDICTED INVENTORY OF ANALYTES IN TANK 241-SX-111
The contributions to inventory from REDOX process HLW, which are determined by two different methods, follows. Table D3 -3 lists concentration data determined for samples of sludge from tanks 241-S-101 Kruger et al. (1996 ), 241-S-104 DiCenso et al. (1994 , and 241-S-107 Simpson et al. (1996) . Also listed in Table D3 -3 are the average concentrations &g/g) for many of the analytes in these tanks. Convincing arguments made in TCRs for tanks 241-S-101 Kruger et al. (1996 ), 241-S-104 DiCenso et al. (1994 , and 2414-107 Simpson et al. (1996) show that the sludge in these tanks derives solely from REDOX process HLW (Hu et al. 1997 ). The average concentration (pglg) of analytes determined in tanks 241-S-101, 241-S-104, and 241-S-107 is thought to also represent the composition of the REDOX process HLW sludge in tank 241-SX-111.
241-S-
The inventory of various analytes in tank 241-SX-111 is calculated by multiplying each of the average analyte concentrations listed in Table D3 -3 by 8.22 E+05 kg, the mass of solid waste stated (Agnew et al. 1997 ) to be in tank 241-SX-Ill. Results of these computations are shown in Table D3 (1994) contained in the attachment to Simpson et al. (1996) 
D3.4.2 Alternative Calculation Method for Inventory of Analytes Assumed to Completely Precipitate
Inventories of iron, manganese, bismuth, and uranium added to tank 241-SX-111 were calculated separately for the periods: 1956, 1959, 1964, and 1965. These calculations use data presented in Tables D3-1 and D3-2. Inventories (kg) of each analyte were calculated as the product of the following factors:
Volume (kgal) of waste slurry added to tank in respective times periods (Table D3-1) Molarity of analyte in waste stream (Table D3- 
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Results of these calculations are summarized below; in all cases, quantities are given as kg. 
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The real problem is with the widely different iron inventory estimates: 1320 kg listed in Table D3 -4 and 6,000 kg calculated from waste volumes and iron concentrations. There are many possible reasons for the difference in iron inventories: flowsheet iron concentrations too high; iron not completely precipitated; faulty analyses for iron in sludges in tanks 241-S-101, 241-S-104, and 2413-107, etc. Apparently, the only way to resolve the issue is to sample and analyze sludge from tank 241-SX-111.
Comments and observations concerning comparison of HDW model and independent assessment inventory predictions for various analytes are also made in this section.
Caveat
The HDW model inventory predictions for tank 241-SX-Ill were made on the basis that the solids now in the tank originated from REDOX process HLW and 'REDOX process salt cake. Independent engineering assessments were made on the basis that solids in the tank originated from REDOX process HLW. This difference in prediction bases should always be kept in mind when comparing HDW model predictions to independent assessment values.
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Inventory Comparisons
The HDW and the engineering assessment inventories are compared in Table' D3-4 and in the observations that follow the table. Aluminum. The HDW model prediction of the aluminum content of tank 241-SX-111 is in excellent agreement with that predicted by the independent assessment. Such agreement is somewhat surprising in that different bases for the waste content of the tank were used for each method; evidently the two bases are not as different as one would expect. The independent assessment prediction is used as the best-basis inventory value.
Bismuth. The HDW model predicts tank 241-SX-111 to only contain 0.228 kg of bismuth. This result cannot possibly be correct since much of the REDOX process HLW introduced into the tank contained a small, but measurable, concentration of bismuth. The independent engineering assessment leads to a value of <34.6 kg of bismuth in tank 241-SX-111; this value appears very reasonable. Chromium. The HDW model predicts the waste in tank 241-SX-111 to contain about five times as much chromium as does the independent assessment. This difference reflects, to some extent, the difference in the amounts of chromium in REDOX process HLW assumed to partition to the solid phase. Also, in the HDW model a significant amount of chromium was contributed to the solids in the tank from the REDOX process salt cake assumed to be present in the tank; the independent assessment is made on the basis that REDOX process salt cake is not present in tank 241-SX-111. The 1,580 kg value is accepted as the best-basis inventory estimate. 240,000 63,800 NR 2.12 Ci (6,320 kg)
Iron. The independent assessment value for the inventory of iron in tank 241-SX-111 is only about one twenty-fifth the amount predicted to be in the tank by the HDW model. The HDW model assumes that the concentration of iron in the REDOX process HLW added to the tank was a factor of five to six times higher than the published Flowsheet 5 and 6 values, 0.048M versus 0.0075M. The value of 1,320 kg iron is selected as the best-estimate inventory number even though a separate analysis, based upon the volume of waste added to the tank and the estimated concentration of iron in the waste, indicates that the iron content of tank 241-SX-111 could be as high as 6,000 kg.
Manganese. The HDW model (Rev. 4) predicts that tank 241-SX-111 contains only 0.437 kg of manganese. This value is absurdly low considering the presence of at least 0.0034M manganese in most of the REDOX process HLW added to the tank. Manganese surely would have precipitated when REDOX process HLW was made alkaline. The bestestimate value for the manganese inventory of tank 241-SX-111 is 1,090 kg, a value derived in the independent assessment.
Nickel. The independent assessment predicts only 97 kg of nickel in tank 241-SX-111 whereas the HDW model prediction is 1,690 kg. The HDW model nickel inventory likely reflects an incorrect assumption concerning the amount of corrosion of stainless steel equipment in the REDOX plant.
Nitrate. The independent engineering assessment based upon the assumption that tank 241-SX-111 contains only REDOX process HLW sludge leads to a nitrate inventory of 101,000 kg. The HDW model based upon the assumption that tank 241-SX-111 contains both REDOX process HLW sludge and REDOX process salt cake predicts that the tank contains 104,000 kg of nitrate. The latter result is certainly the expected one from the assumption that salt cake containing a large concentration of soluble nitrates is present in the tank. For consistency, the independent engineering assessment value of 101,000 kg nitrate is used as the best-basis estimate.
Potassium, The independent assessment predicts tank 241-SX-111 to contain 355 kg of potassium whereas the HDW model predicts only 340 kg of potassium are present. The HDW model did not take into account potassium added as KMnO, (see discussion on manganese); even so, both predictions are in splendid, likely fortuitous agreement. The independent assessment value of 355 kg is selected as the best-basis estimate of the inventory of potassium in tank 241-SX-111.
Sodium. The HDW model predicts the sodium content of tank 241-SX-111 is 93,600 kg whereas the independent engineering assessment described in this section leads to a value of 80,400 kg. These two values are in good agreement considering that both approaches used a different basis for making inventory predictions. Perhaps the two approaches are not as different as first appears. One disturbing note is that the HDW model would be expected to predict considerably more sodium inventory than the engineering assessment approach since REDOX process salt cake is known to contain a high concentration of nitrate (Schulz 1980) . The independent engineering assessment inventory of 80,400 kg sodium is chosen as the best-basis estimate for tank 241-SX-111.
Sulfate. The predictions of the sulfate content of tank 241-SX-111 by the HDW model and the independent engineering assessment, 1,040 kg versus 1,220 kg, are in remarkably good agreement. It is not known if this agreement is completely fortuitous or whether the choices of bases for predicting the content of this tank are not that different.
Total Hydroxide. Once the best-basis inventories were determined, the hydroxide inventory was calculated by performing a charge balance with the valences of other analytes. In some cases, this approach requires that other analyte (e.g., sodium or nitrate) inventories be adjusted to achieve the charge balance. During such adjustments, the number of significant figures is not increased. No such adjustments were needed in this tank. This charge balance approach is consistent with that used by Agnew et al. (1997) .
Uranium. The HDW model predicts the waste in tank 241-SX-111 to only contain 0.212 Ci (625 kg) of uranium whereas the independent assessment predicts that 6,320 kg of uranium are present in the tank. In any case, the value predicted by the independent assessment, 6,320 kg, is taken as the best-basis estimate of the uranium content of tank 24 I-SX-1 1 1.
D4.0 DEFINE THE BEST-BASIS AND ESTABLISH COMPONENT INVENTORIES
Information about chemical, radiological, and/or physical properties is used to perform safety analyses, engineering evaluations, and risk assessment associated with waste management activities, as well as regulatory issues. These activities include overseeing tank farm operations and identifying, monitoring, and resolving safety issues associated with these operations and with the tank wastes. Disposal activities involve designing equipment, processes and facilities for retrieving wastes and processing them into a form that is suitable for long-term storage.
Chemical and radiological inventory information are generally derived using three approaches: (1) component inventories are estimated using the results of sample analyses, (2) component inventories are predicted using the HDW Model based on process knowledge and historical information, or (3) a tank-specific process estimate is made based on process flowsheets, reactor fuel data, essential material usage, and other operating data.
An effort is underway to provide waste inventory estimates that will serve as standard characterization source terms for the various waste management activities (Hodgson and LeClair 1996) . As part of this effort, an evaluation of chemical information for tank 241-SX-111 was performed, and a best basis inventory was established. This work, detailed in the following sections, follows the methodology that was established by the standard inventory task. The following information was utilized as part of this evaluation:
Inventory estimates generated by HDW model (Agnew et al. 1997) Average of analyte concentrations in REDOX process HLW sludges in tanks 241-S-101, 24 1-S-104, and 24 1-S-107
Inventory estimates generated by a tank-specific assessment process utilizing chemical process flowsheets and a detailed historical tank waste transaction data base.
The results from this evaluation support using a predicted inventory based primarily on results from a tank-specific assessment process utilizing the average of analyte concentrations for REDOX process waste sludges in tanks 241-S-101 (Kruger et al. [1996] ), 241-S-104 (DiCenso et al. [1994] ), and 241-S-107 (Simpson et al. [1996] ) for the following reasons:
1. The waste in tank 241-SX-111 has not been analyzed; it is not possible to use a predicted inventory based on analytical results.
The tank-specific assessment correctly predicts, based upon a careful and meticulous review of historical waste transaction records, that only REDOX process HLW of all the wastes introduced into tank 241-SX-111, contributed to the solid waste in the tank.
2.
3. The HDW model incorrectly attributes part of the solids now in tank 241-SX-111 to salt cake precipitated from one addition of concentrated REDOX process HLW supernatant. Such analysis ignores the large volumes of water that were added to the tank subsequent to precipitation of any salt cake solids. Experimental evidence exists (Schulz 1980 ) that strongly suggests any precipitated salt cake would have readily dissolved.
Best-basis tank inventory values are derived for 46 key radionuclides (as defined in Section 3.1 of , all decayed to a common report date of January 1, 1994. Often, waste sample analyses have only reported 90Sr, 137Cs, u9''40Pu, and total uranium (or total beta and total alpha), while other key radionuclides such as 6oCo, 99Tc, Iz9I, Is4Eu, lS5Eu, and "' Am, etc., have been infrequently reported. For this reason it has been necessary to derive most of the 46 key radionuclides by computer models. These models estimate radionuclide activity in batches of reactor fuel, account for the split of radionuclides to various separations plant waste streams, and track their movement with tank waste transactions. (These computer models are described in , Section 6.1 and in Watrous and Wootan 1997.) Model generated values for radionuclides in any of 177 tanks are reported in the HDW Rev. 4 model results (Agnew et al. 1997) . 
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